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SPECIFICATION 

Title of the Invention 

POSTTTON DETECTING SYSTEM AND METHOD 

Background of the Invention 
5 Field of the invention 

The present invention relates to position detecting system and 
method, and more specifically to position detecting system and method 
for detecting the position and the size of a portion to be measured in a 
sample, such as a wiring pattern and a contact hole in a semiconductor 
1 0 wafer. 

Description of related art 

In the prior art, it is known that a secondary electron image of the 
scanning electron microscope (abbreviated to M SEM") is used in order to 
detect the size of a portion to be measured in a sample, such as a wiring 

1 5 pattern in a semiconductor wafer. For example, in the case of measuring 

the line width of the wiring pattern on the semiconductor wafer, an 
electron beam is irradiated perpendicularly to a surface of the 
semiconductor wafer and is scanned at a constant speed to cross the 
wiring pattern. The secondary electrons generated in the above process 

2 0 are detected, and the change of the intensity of the secondary electrons is 

obtained as a function of the scanning position. Since the intensity of the 
detected secondary electrons changes at the position of the wiring pattern, 
the size of the wiring pattern in a measured region can be calculated from 
the change of the intensity of the detected secondary electrons. 
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However, when a conducting wiring pattern is scanned with the 
electron beam, the precision of the detection often lowers because Ihe 
wiring pattern is electrified or charged. A method for overcoming this 
problem has been proposed in Japanese Patent Application 
5 Pre-examination Publication No. JP-A-0 1-1 97607, (the content of which 
is incorporated by reference in its entirety into this application, and also 
an English abstract of JP-A-01- 197607 is available from the Japanese 
Patent Office and the content of the English abstract of JP-A-01 -197607 is 
also incorporated by reference in its entirety into this application). 

10 Now, the method proposed by JP-A-01-197607 will be briefly 

described with reference to Fig. 7, which is a sectional view of a circuit 
component as a sample to be measured. 

The shown circuit component, generally designated with Reference 
Numeral 100, includes a conducting substrate 101. An insulating film 

15 102 is deposited on a surface of the conducting substrate 101, and a 
contact hole 103 is formed to penetrate through the insulator film 102. A 
conducting film 104 is deposited on a surface of the insulating film 102 to 
contact with the surface of the conducting substrate 101 through the 
contact hole 103. 

2 0 In the circuit component 100 thus formed, since the conducting film 

103 is electrically connected to the conducting substrate 101 through the 
contact hole 103 formed in the insulating film 102, even if the surface of 
the conducting film 104 is scanned with the electron beam in the scanning 
electron microscope (SEM), the conducting film 103 is in no way 

2 5 electrified. Therefore, the size of the conducting film 104 can be 
precisely determined from the intensity of the secondary electrons. As 
mentioned above, since a structure for preventing electrification of the 
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conducting film 104 is realized by the contact hole 103 formed in the 
insulating film 102, the structure is simple and does not require a special 
equipment for formation of the structure. 

Incidentally, when it is required to measure the diameter of the 
5 contact hole 103 in the circuit component 100, it is sufficient if, before 
the conducting film 104 is deposited, the surface of the insulating film 
102 is scanned with the electron beam in the scanning electron microscope 
(SEM) and the generated secondary electrons are detected. 

The circuit component 100 formed as mentioned above can make it 
1 0 possible to precisely measure the line width of the conducting film 104 by 
scanning the electron beam, and also to measure the diameter of the 
contact hole 103 by the scanning of the electron beam in the process of 
manufacturing. 

However, even if it is easy to detect the position and the diameter of 

1 5 the upper end of the contact hole 103 by the scanning of the electron 

beam, it is difficult to detect the position and the diameter of the bottom 
of the hole. The reason for this is that, when the contact hole 103 is deep, 
even if the electron beam is irradiated, the secondary electrons are not 
emitted out of the contact hole. 

2 0 Summary of the Invention 

Accordingly, it is an object of the present invention to provide 
position detecting system and method, which have overcome the above 
mentioned defect of the conventional one. 

Another object of the present invention is to provide position 
2 5 detecting system and method capable of precisely measure the position 



- 3 - 



FROM KO^HI 3A. 0KAD2 & FART MERC 



iyOC£ 43 9C(K)21 33 s*52 1 . 30/S3HS33C0 . S3G983 P 7 



and the size of the bottom of a deep contact hole in the circuit component 
in the process of manufacturing. 

The above and other objects of the present invention are achieved in 
accordance with the present invention by a position detecting system 
5 comprising a beam irradiating means for irradiating an electron beam to 
a sample including a portion to be measured, a beam scanning means for 
relatively scanning the electron beam so that the electron beam moves in 
relation to the portion to be measured in the sample, a voltage applying 
means for applying a voltage to the sample which is scanned by the 
1 0 electron beam, a current detecting means for detecting a current flowing 
in the sample because of the applied voltage, and a position detecting 
means for detecting the position of the portion to be measured with 
reference to a scanning start position of the electron beam and the 
position when the detected current changes. 

1 5 With the above mentioned arrangement, the electron beam is 

applied by action of the beam irradiating means to the sample including 
the portion to be measured, and the electron beam is scanned in relation 
to the sample by the beam scanning means so that the electron beam 
moves on the portion to be measured in the sample. By the voltage 

2 0 applying means, the voltage is applied to the sample which is scanned by 

the electron beam, and the current flowing in the sample because of the 
applied voltage is detected by the current detecting means. When the 
detected current changes, the position of the portion to be measured with 
reference to the scanning start position of the electron beam can be 
2 5 detected. Therefore, it is possible to measure the diameter of a deep 
contact hole in the sample, which could not be measured by either the 
secondary electrons or reflected electrons. 
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For example, in a circuit component having a contact hole formed 
to penetrate through an insulating film formed on a surface of a silicon 
substrate, the electron beam is irradiated onto a surface of the insulating 
film, and the voltage is applied to the silicon substrate. In this case, the 
5 current flows in the circuit component only when the electron beam 
reaches the silicon substrate through the contact hole. Therefore, it is 
possible to detect the position of an edge of the contact hole, measured 
with reference to the scanning start position of the electron beam. 

In this invention, the sample includes for example a circuit 
1 0 component, in the process of manufacturing, having an insulating film 
formed on the surface of the silicon substrate, as mentioned above, and 
the portion to be measured includes the contact hole formed in the 
insulating film to reach from the surface of the insulating film to the 
surface of the silicon substrate. In addition, the relative scanning of the 

1 5 electron beam means that at least one of the sample and the electron beam 

is moved in the condition that the electron beam is irradiated onto the 
sample. The position detecting means is sufficient if it can achieve the 
above mentioned function, and therefore, can be realized by various 
means including a specialized hardware, a computer installed with a 

2 0 suitable program, and a combination thereof. 

In a variation of the position detecting system in accordance with 
the present invention, the position detecting means detects the position of 
the portion to be measured with reference to the scanning start position of 
the electron, on the basis of the scanning start time of the electron beam 
2 5 and the time the detected current changes. In this case, the position 
detecting means compare the detected current changing time (or moment) 
with the scanning start time (or moment) of the electron beam, to 
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determine the position of the portion to be measured with reference to the 
scanning start position of the electron beam. Therefore, for example, the 
position of the edge of the contact hole is detected on the basis of the 
detected current changing time. Namely, the position of the portion to be 
5 measured can be precisely determined with a simple arithmetic operation. 

In another variation of the position detecting system in accordance 
with the present invention, it includes a size measuring means for 
measuring the size of the portion to be measured, on the basis of a 
difference in the coordinates between two positions detected by the 
1 0 position detecting means. In this case, since the size of the portion to be 
measured is measured by the size measuring means on the basis of a 
difference in the coordinates between the two positions detected by the 
position detecting means, it is possible to measure for example the 
diameter of the contact hole which the electron beam is scanned to cross, 

1 5 Therefore, the size of the portion to be measured can be precisely 

determined with a simple arithmetic operation. 

In still another variation of the position detecting system in 
accordance with the present invention, it includes a size measuring means 
for measuring the size of the portion to be measured, by multiplying a 

2 0 scanning speed of the electron beam by the time during which the current 

is at a changed level. Since the size of the portion to be measured is 
measured by the size measuring means by multiplying the scanning speed 
of the electron beam by the time during which the current is at the 
changed level, the size of the portion to be measured can be also measured 
2 5 by a simple arithmetic processing. 

In a further variation of the position detecting system in accordance 
with the present invention, the voltage applying means periodically 
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changes the voltage applied to the sample. Since the voltage applied to the 
sample by the voltage applying means periodically changes, even if a DC 
current does not flow in the sample, it is possible to detect the position 

and the size of the portion to be measured, such as the position and the 
5 size of the bottom of the contact hole, from the change of the magnitude 
of the periodically changing current flowing through the sample. Here, 
the periodically changing voltage includes an AC voltage and a pulse 
voltage. 

In a still further variation of the position detecting system in 
1 0 accordance with the present invention, there is provided an electron 
detecting means for detecting at least one of the secondary electrons and 
the reflected electron from the sample. In addition, there is provided a 
conventional measuring means for measuring the size of the portion to be 
measured on the basis of the scanning start position of the electron beam 

1 5 and the position when the amount of the detected electrons changes. 

Therefore, it is possible to measure the size of the portion to be measured 
in which the current caused by the voltage applied to the sample does not 
change regardless of the scanning of the electron beam. Accordingly, 
since the detection of the surface by the secondary or reflected electrons 

2 0 can be utilized in combination with the determination by the change of the 

detected current, it is possible to determine the position and the size of 
various portions to be measured. 

According to another aspect of the present invention, there is 
provided a position detecting method comprising the step of irradiating an 
2 5 electron beam to a sample including a portion to be measured, relatively 
scanning the electron beam to cause the electron beam to move in relation 
to the portion to be measured in the sample, applying a voltage to the 
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sample which is scanned by the electron beam, detecting a current flowing 
in the sample because of the applied voltage, and detecting the position of 
the portion to be measured with reference to a scanning start position of 
the electron beam and the position where the detected current changes. 
5 For example, in a circuit component having a contact hole formed 

to penetrate through an insulating film formed on a surface of a silicon 
substrate, the electron beam is irradiated onto a surface of the insulating 
film, and the voltage is applied to the silicon substrate. In this case, since 
the current flows in the circuit component only when the electron beam 
1 0 reaches the silicon substrate through the contact hole, it is possible to 
detect the position of an edge of the contact hole, measured with reference 
to the scanning start position of the electron beam. 

In a variation of the position detecting method in accordance with 
the present invention, the position of the portion to be measured is 

1 5 determined with reference to the scanning start position of the electron, 

on the basis of the scanning start time (or moment) of the electron beam 
and the detected current changing time (or moment). Therefore, for 
example, the position of the edge of the contact hole is detected on the 
basis of the detected current changing time. Thus, the position of the 

2 0 portion to be measured can be precisely determined with a simple 

arithmetic operation. 

In another variation of the position detecting method in accordance 
with the present invention, the size of the portion to be measured is 
determined on the basis of a difference in the coordinates between two 
2 5 positions detected by the position detecting means. In this case, it is 
possible to measure for example the diameter of the contact hole which 
the electron beam is scanned to cross, on the basis of a difference in the 
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coordinates between two edges detected. Therefore, the size of the 
portion to be measured can be precisely determined with a simple 
arithmetic operation. 

In still another variation of the position detecting method in 
5 accordance with the present invention, the size of the portion to be 
measured is determined by multiplying a scanning speed of the electron 
beam by the time during which the current is at a changed level. 
Therefore, the size of the portion to be measured can be also measured by 
a simple arithmetic processing. 
10 In a further variation of the position detecting method in 

accordance with the present invention, the voltage applied to the sample is 
caused to periodically change. Since the voltage applied to the sample by 
the voltage applying means periodically changes, even if a DC current 
does not flow in the sample, it is possible to detect for example the 

1 5 position and the size of the bottom of the contact hole, from the change of 

the magnitude of the periodically changing current flowing through the 
sample. 

In a still further variation of the position detecting method in 
accordance with the present invention, at least one of the secondary 

2 0 electrons and the reflected electron from the sample, is detected, and the 

size of the portion to be measured is measured on the basis of the 
scanning start position of the electron beam and the position when the 
amount of the detected electrons changes. Therefore, it is possible to 
measure the size of the portion to be measured in which the current 
2 5 caused by the voltage applied to the sample does not change regardless of 
the scanning of the electron beam. Accordingly, since the detection of the 
surface by the secondary or reflected electrons can be utilized in 
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combination with the determination by the change of the detected current, 
it is possible to determine the position and the size of various portions to 
be measured. 

The above and other objects, features and advantages of the present 
5 invention will be apparent from the following description of preferred 
embodiments of the invention with reference to the accompanying 
drawings. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of an embodiment of the position 

1 0 detecting system in accordance with the present invention; 

Fig. 2 is a diagrammatic sectional view of a first example of the 
sample measured in the position detecting system in accordance with the 
present invention; 

Fig. 3 is a waveform diagram illustrating one example of the result 
15 of the current detection in the position detecting system in accordance 
with the present invention; 

Fig. 4 is a diagrammatic sectional view of a second example of the 
sample measured in the position detecting system in accordance with the 
present invention; 

2 0 Fig. 5 is a diagrammatic sectional view of a third example of the 

sample measured in the position detecting system in accordance with the 
present invention; 

Fig. 6 is a waveform diagram illustrating another example of the 
result of the current detection in the position detecting system in 
2 5 accordance with the present invention; and 
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Fig. 7 is a diagrammatic sectional view of the sample measured in 
the prior art position detecting system. 

Description of the Preferred embodiments 

Referring to Fig. 1, there is shown a block diagram of an 
5 embodiment of the position detecting system in accordance with the 
present invention. 

The position detecting system in accordance with the present 
invention is generally designated by Reference Numeral 1, and includes a 
scanning electron microscope (SEM) 10 and a control unit 20 which is 
1 0 constituted of a computer system. 

The electron microscope 10 includes an electron gun 11 for 
emitting an electron beam 11 A, and a beam control apparatus 12 is 
located in a path of the electron beam 1 1A emitted from the electron gun 
11. This beam control apparatus 12 includes a condenser lens, a scan coil, 

1 5 a deflector, an object lens and a aperture (all of which are not shown 

since those are well known to persons skilled in the art) in order to 
control the electron beam 11 A. At a position bombarded with the 
electron beam 11 A, a scan stage 14 for holding a sample 13 thereon is 
movably located. At a position opposing the sample 13 held on the scan 

2 0 stage 14, an electron detector 15 is located to detect secondary electrons 

1 IB from the sample 13. 

On the other hand, the control unit 20 is constituted of a computer 
system connected to necessary means. The control unit 20 includes a 
beam controller 21, a stage controller 22, an electron detection section 
2 5 23, a voltage supply 24 for applying a voltage, a current detection section 
25 constituting the current detecting means, and a united control section 
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26 coupled to these various means 21 to 25, which are also connected to 
corresponding parts of the electron microscope 1 0. 

The beam controller 21 is connected to the electron gun 11 and the 
beam control apparatus 12, to cause the electron gun 11 to emit the 
5 electron beam 1 1 A, and to cause the beam control apparatus 12 to adjust 
the shape of the beam 1 1 A and the irradiated area of the beam 1 1 A. The 
stage controller 22 is connected to a driving unit (not shown) for the 
scanning stage 14, to control the position of the scanning stage 14 in order 
to cause the electron beam 11A to be irradiated onto a desired position of 
10 the sample 13 held on the stage 14. The electron detection section 23 is 
connected to the electron detector 15, to receive a secondary electron 
detection signal from the election detector 15 and to generate a profile 
signal. 

The voltage supply 24 and the current detection section 25 are 

1 5 connected to the scanning stage 14. The scanning stage 14 is so 

configured to have a structure electrically connected to a rear surface of 
the sample 13 held on the stage 14. Therefore, the voltage supply 24 
applies the voltage to the sample 14 through the scanning stage 14, and the 
current detection section 25 detects a current flowing in the sample 13 

2 0 through the scanning stage 14. 

The united control section 26 systematically controls the above 
mentioned various means 21 to 25. 

Thus, the united control section 26 systematically controls the 
various means 21 to 25, and the various means 21 to 25 control the 
2 5 operation of various parts in the electron microscope 10, with the result 
that various functions of the position detecting system 1 in accordance 
with the embodiment of the present invention can be realized. 
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Namely, the position detecting system 1 in accordance with the 
embodiment of the present invention includes a beam irradiating means, a 
beam scanning means, an electron detecting means, a conventional 
measuring means, a position detecting means, and a size determining 
5 means. 

The beam irradiating means is constituted of the electron gun 11, 
the beam control apparatus 12 and the beam controller 21, and irradiates 
the election beam onto the sample 13. The beam scanning means is 
constituted of the scanning stage 14 and the stage controller 22, and 
1 0 relatively scans the electron beam in relation to the sample so that the 
electron beam moves on the surface of the sample. 

The electron detecting means is constituted of the electron detector 
15 and the electron detection section 23, and detects the secondary 
electrons 11B emitted from the sample 13. The conventional measuring 

1 5 means corresponds to one of various functions of the control unit 20, and 

determines the distance from the scanning start position of the electron 
beam to the position of a portion to be measured when the amount of the 
detected secondary electrons changes. 

The position detecting means and the size determining means 

2 0 correspond to ones of the various functions of the control unit 20, 

respectively. The position detecting means detects, from an output of the 
stage controller 22, the relative position of the electron beam in relation 
to the sample 13 when the current detected by the current detection 
section 25 changes, and determines the position of the portion to be 
2 5 measured in the sample. More specifically, since the scanning stage 14 is 
controlled by the stage controller 22 to move at a predetermined constant 
speed from a predetermined initial position, the position detecting means 
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detects the position of the portion to be measured, from the scanning start 
time and the time of the change of the detected current. 

The size determining means determines the size of the portion to be 
measured, from a difference in coordinates between two positions 
5 detected by the position detecting means. For example, when the portion 
to be measured in the sample 13 is a contact hole formed in a circuit 
component, if the electron beam is linearly scanned to pass through the 
center of the contact hole, the diameter of the contact hole can be obtained 
by calculating the difference between respective detected positions of a 
1 0 pair of edges. 

For example, as shown in Fig. 2, the sample 13 includes a p-type 
silicon substrate 30 having an insulating film 31 formed of a silicon oxide 
film having the thickness of 1 fim, deposited on a surface of the substrate 
30 and a contact hole 32 having the diameter of about 0.4 fim, formed to 

1 5 penetrate through the insulating film 3 1 to reach from a surface of the 

insulating film 31 to the surface of the substrate 30. 

Now, the position detecting method will be described by use of the 
position detecting system 1 having the above mentioned construction. 

For example, in the case of detecting or measuring the position and 

2 0 the line width of a wiring pattern formed on the surface of the sample 13, 

the electron bean 11 A emitted from the electron gun 11 is controlled by 
the beam control apparatus 12 to be irradiated onto the surface of the 
sample 13, and on the other hand, the sample 13 is moved together with 
the scanning stage for the scanning. Therefore, the surface of the sample 
2 5 13 is scanned with the electron beam 11 A. On the other hand, since the 
secondary electrons 11B are generated, the secondary electrons are 
detected by the electron detector 15 so that the detection signal of the 
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secondary signal is supplied to the united control section 26. Thus, the 
united control section 26 determines the position and the line width of the 
wiring pattern formed on the surface of the sample, from the scanning 
time and the time the detection signal of the secondary signal changes. 
5 However, as mentioned hereinbefore, when a deep contact hole 32 

is formed in the sample 13> even if the electron beam 1 1A is irradiated to 
the upper surface of the sample in a direction perpendicular to the upper 
surface of the sample, since the secondary electrons emitted from the 
bottom of the contact hole cannot go out of the contact 32, it is difficult to 
1 0 determine the position and the diameter of the bottom of the contact hole 
32 by use of the secondary electrons. In this case, the position detecting 
system 1 in the shown embodiment determines the position and the 
diameter of the bottom of the contact hole 32, on the basis of the change 
of the detected current, without utilizing the secondary electrons. 

1 5 More specifically, when the surface of the sample 13 is scanned 

with the electron beam 1 1 A, the voltage of for example +3 V is applied to 
the bottom of the sample 13 from the voltage supply 24, and the current 
flowing in the sample 13 is detected from the bottom of the sample 13 by 
means of the current detection section 25. As a result, when the electron 

2 0 beam 11A is bombarded onto the surface of the insulating film 31, a 

current does not flow in the silicon substrate 30, but when the electron 
beam 11A is bombarded onto the bottom of the contact hole 32 (namely, 
the surface of the silicon substrate 30 through the contact hole 32), a 
current flows in the silicon substrate 30. 
2 5 In this case, the waveform of the current detection signal outputted 

from the current detection section 25 changes with time, as shown in Fig. 
3. Therefore, the position and the diameter of the bottom of the contact 



•ROM KOSKI&A OKA Eli & FARTNE R ? 



1993$ 4£ 93(^)2 1 S7'S*B2 1 3 0 /XS&^3 S 0 : 6 3 3 9 3 



hole 32 are determined on the basis of the times the detected current value 
changes. In Fig. 3, since times to and ti correspond to edge positions of 
the bottom of the contact hole 32, the coordinates of the edge positions of 
the bottom of the contact hole 32 can be obtained by multiplying these 
5 times by a scanning speed 'V and adding the result of the multiplication 
to the coordinate "a M of the initial position. Namely, "a+vto" and "a+vti" 
are obtained. In addition, the diameter of the bottom of the contact hole 
can be determined by calculating the difference between the obtained 
coordinates of the edge positions. If it is not necessary to determine the 
1 0 position, the diameter of the bottom of the contact hole can be determined 
by multiplying the difference between the times by a scanning speed "v". 
Namely, M v(to-ti) n is obtained. 

As seen from the above, the position detecting system 1 in the 
shown embodiment can determine the position and the diameter of the 

1 5 contact hole 32 in the sample 13, which can be hardly detected by the 

secondary elections. In addition, the determination can be carried out by 
a very simple arithmetic operation. Furthermore, since the detection of 
the surface by the secondary electrons can be utilized in combination with 
this determination, it is possible to determine the position and the size of 

2 0 various parts including the wiring pattern and the contact hole 32 in the 

sample 13, regardless of the positional relation between the wiring pattern 

and the contact hole. 

Incidentally, it would be a matter of course to persons skilled in the 
art that, in the position detecting system 1, the scanning speed "v" of the 
2 5 electron beam, an accelerating voltage of the electron beam, a beam 
current, a beam diameter, the voltage applied to the sample are to be 
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optimized by considering the size and the density of the portion to be 
measured. 

Furthermore, the present invention is in no way limited to the 
details of the above mentioned embodiment, but changes and 
5 modifications may be made within the scope of the spirit of the invention. 

In the above mentioned embodiment, the constant voltage is applied 
to the sample 13 from the voltage supply 24. However, for example, the 
voltage applied to the sample can be caused to periodically change. 

For example, when a DC current does not flow in the sample, as in 
1 0 the case that a thin oxide film is formed on the upper or lower surface of 
the wafer, and as in the case that the contact hole is formed in an n-type 
or p-type wafer, the voltage applied to the sample is periodically changed 
in the form of an AC voltage or a pulsed voltage. As a result, similarly 
to the above mentioned example, the position and the diameter of the 

1 5 bottom of the contact hole can be determined by detecting an effective 

current of the periodically changing current flowing in the sample. 

Furthermore, in the above mentioned example, the silicon substrate 
30 having its surface covered with the insulating film 31 and the contact 
hole 32 formed in the insulating film 31 is used as the sample 13, and the 

2 0 position and the diameter of the bottom of the contact hole 32 are 

determined as the portion to be measured. However, the position 
detecting system can be used to detect various parts in various samples. 

For example, as shown in Fig. 4, a sample 35 can be a p-type 
silicon substrate 30 having a field insulator film 34 of a silicon thermal 
2 5 oxidized film having the thickness of 500 nm, partially formed on the 
surface of the silicon substrate to confine a device region 36 on the 
surface of the silicon substrate. In this case, the device region 36 is 
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measured as the portion to be measured. Incidentally, the field insulator 
film 34 can be formed by selectively oxidizing the surface of the silicon 
substrate 30. 

As shown, when a step difference on the surface of the sample 35 is 
5 very small, it is difficult to determine the position and the width of the 
device region 36 by the prior art method utilizing the secondary 
electrons. Therefore, in this case, the voltage of +3 V is applied to the 
silicon substrate 30 in the position detecting system 1, and the change of 
the current is detected while relatively scanning the electron beam. As a 
1 0 result, the current flows in the silicon substrate 30 only when the electron 
beam is bombarded to the device region 36. Therefore, the position and 
the width of the device region 36 can be determined, similarly to the 
above mentioned example. 

Alternatively, as shown in Fig. 5, a sample 39 can additionally 

1 5 includes a gate oxide film 37 formed on the device region 36 of the 

sample 35 and a gate electrode 38 formed on the gate oxide film 37. In 
this case, the position and the line width of the gate electrode 38 is 
measured as the portion to be measured. For example, this sample 39 can 
be formed by forming the gate oxide film 37 having the thickness of 

2 0 about 15nm, on the device region 36 of the sample 35, by means of a 

thermal oxidation, and then, forming on the whole surface a conducting 
layer having the thickness of about 200 nm and formed of an n-type 
polysilicon and a tungsten silicide, and thereafter, patterning the 
conducting layer. 

2 5 In the case, the voltage of +3 V is applied to the silicon substrate 30 

in the position detecting system 1, and the change of the current is 
detected while relatively scanning the electron beam. Since the gate oxide 
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film 37 is very thin, the electron beam pass through the gate oxide film 
37. As a result, the current flows in the silicon substrate 30 only when 
the electron beam is bombarded to the device region 36 other than the 
gate electrode 38. Namely, as shown in Fig. 6, the current can be 
5 detected only from the time to to t2 and from the time t3 to ti. 
Therefore, the position and the size of the gate electrode 38 and the 
device region 36 can be determined, similarly to the above mentioned 
example. 

As seen from the above, according to the position detecting system 
1 0 and method in accordance with the present invention, it is possible to 
measure or determine the position and the size of the portion to be 
measured, as the bottom of the deep contact hole, which could not be 
measured in the prior art method using the secondary electrons or the 
reflected electrons. 

1 5 The invention has thus been shown and described with reference to 

the specific embodiments. However, it should be noted that the present 
invention is in no way limited to the details of the illustrated structures 
but changes and modifications may be made within the scope of the 
appended claims. 
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Claims: 

1. A position detecting system comprising a beam irradiating means 

for irradiating an electron beam to a sample including a portion to be 
measured, a beam scanning means for relatively scanning the electron 
5 beam so that the electron beam moves in relation to the portion to be 
measured in the sample, a voltage applying means for applying a voltage 
to the sample which is scanned by the electron beam, a current detecting 
means for detecting a current flowing in the sample because of the applied 
voltage, and a position detecting means for detecting the position of the 
1 0 portion to be measured with reference to the scanning start position of the 
electron beam and the position when the detected current changes. 

2. A position detecting system claimed in Claim 1 wherein the position 
detecting means is configured to detect the position of the portion to be 

1 5 measured with reference to the scanning start position of the electron, on 

the basis of the scanning start time of the electron beam and the detected 
current changing time. 

3. A position detecting system claimed in Claim 1 further including a 

2 0 size measuring means for measuring the size of the portion to be 

measured, on the basis of a difference in the coordinates between two 
positions detected by the position detecting means. 

4. A position detecting system claimed in Claim 1 further including a 
2 5 size measuring means for measuring the size of the portion to be 

measured, by multiplying a scanning speed of the electron beam by the 
time during which the current is at a changed level. 
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5. A position detecting system claimed in Claim 1 wherein the voltage 
applying means periodically changes the voltage applied to the sample. 

6 A position detecting system claimed in Claim 1 further including an 
5 electron detecting means for detecting at least one of the secondary 
electrons and the reflected electron from the sample, and a measuring 
means for measuring the size of the portion to be measured on the basis 
of the scanning start position of the electron beam and the position when 
the amount of the detected electrons changes. 

1 0 

7. A position detecting method comprising the step of irradiating an 
electron beam to a sample including a portion to be measured, relatively 
scanning the electron beam to cause the electron beam to move in relation 
to the portion to be measured in the sample, applying a voltage to the 

1 5 sample which is scanned by the electron beam, detecting a current flowing 

in the sample because of the applied voltage, and detecting the position of 
the portion to be measured with reference to a scanning start position of 
the electron beam and the position where the detected current changes. 

2 0 8. A position detecting method claimed in Claim 7 wherein the 

position of the portion to be measured is determined with reference to the 
scanning start position of the electron, on the basis of the scanning start 
time of the electron beam and the detected current changing time. 

2 5 9. A position detecting method claimed in Claim 7 wherein the size of 
the portion to be measured is determined on the basis of a difference in 
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the coordinates between two positions detected by the position detecting 
means. 

10. A position detecting method claimed in Claim 7 wherein the size of 
5 the portion to be measured is determined by multiplying a scanning speed 

of the electron beam by the time during which the current is at a changed 
level. 

11. A position detecting method claimed in Claim 7 wherein the voltage 
1 0 applied to the sample is caused to periodically change. 

12. A position detecting method claimed in Claim 7 wherein at least one 
of the secondary electrons and the reflected electron from the sample, is 
detected, and the size of the portion to be measured is measured on the 

1 5 basis of the scanning start position of the electron beam and the position 
when the amount of the detected electrons changes. 
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Abstract of the Disclosure: 

In a position detecting system and method, an electron beam is 
irradiated to a sample including a portion to be measured, and the 
electron beam is caused to move in relation to the portion to be measured 
5 in the sample. Furthermore, a voltage is applied to the sample which is 
scanned by the electron beam, and a current flowing in the sample 
because of the applied voltage, is detected. Thus, the position of the 
portion to be measured can be determined from a scanning start position 
of the electron beam and the position where the detected current changes. 
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As a below named inventor, 1 hereby declare that 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original first 
and joint inventor (if plural names are listed below) of the subject matter which is claimed and for which 
a patent is bought on the invention entitled: 

II POSITION DETECTING SYSTEM AND METHOD 11 

the specification of which: (check one) , 

REGULAR OR DESIGN APPLICATION 
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I hereby state that I have reviewed and understand the contents of the above-tdentified specification, including the claims, 
as amended by any amendment referred to above, 

I acknowledge the duty to disclose information which is materia! to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

PRIORITY CLAIM 

1 hereby claim foreign priority benefits under 35 USC 119 of any foreign applicat.on(s) for patent or inventor's certificate 
listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date 
before that of the application on which priority is claimed. 
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I hereby claim the benefit under 35 USC 120 of any United States application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided 
by the first paragraph of 35 USC 112, l acknowledge the duty to disclose information which is material to patentability as 
defined in Title 37 Code of Federal Regulations §1 .56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this appltcation- 



iAppiication Serial No.) 



(Filing Date) 



(Status— patented, pending, abandoned) 



!)><■ K03H13A. OKA EE & PATiTKHR: 



, 3 43 <3D (A) 91 40/£*S?' 3 0/S3tS^ J 0 0 ' 6 8 P. 9 3 P 7P, 



POWER OF ATTORNEY 

The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and follow instructions from 

as to any action to be taken in the Patent and Trademark Office regarding this application 

without direct communication between the U.S. attorney or agent and the undersigned. In the event of a change jn the 
persons from whom instructions may be taken, the U.S. attorney or agent named Herein will be so notified by the undersigned. 

As a named inventor, I hereby appoint the following attorney(s) to prosecute this application and transact 
all business in the Patent and Trademark Office connected therewith: Robert J. PATCH, Reg. No. 17,355, 
Andrew ). PATCH, Reg. No. 32,925, Robert F. HARGEST, Reg. No. 25,590, Benoit CASTE L, Reg. No. 
35,041, Eric JENSEN, Reg. No. 37,855, and Thomas W. PERKINS, Reg. No, 33,027, do YOUNG & 
THOMPSON, Second Floor, 745 South 23rd Street, Arlington, Virginia 22202. 

Address al! telephone calls to Young & Thompson at 703/521-2297. 

1 hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 
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